TITLE OF THE INVENTION: 

Waveform Display Equipment and Waveform Displaying Method 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to waveform display equipment which 
displays a plurality of waveforms based on the waveform data obtained 
by measuring signals to be measured in the display region of a display 
screen and a waveform displaying method to display such waveforms. 
Specifically, the invention relates to waveform display equipment and 
a waveform displaying method, in which a plurality of waveforms is easily 
observed and measured. 

2. Description of the Prior Art 

A waveform measuring system measures various physical quantities such 
as temperature, pressure, strain resistance, etc. by converting those 
quantities to electrical signals using converting means suitable for 
each application, and stores them as waveform data. In such a system, 
variations of these electrical signals, that is, variations of the 
physical quantities, can be observed and measured by displaying 
waveforms in the display region of a display screen based on the stored 
waveform data. Electrical signals such as input/output signals to/from 
electrical circuits can, of course, also be displayed. Such a system 
includes paperless recorders, digital oscilloscopes, etc. 

Waveform display equipment used for the waveform. measuring system can 

simultaneously display a plurality of waveforms, for example, taking 
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voltage values as the ordinate and time as the abscissa (for instance, 
refer to the gazette of Japanese Laid-open Patent Application No. 
8-29455) . 

However, if various physical quantities are to be measured, it is 
necessary to carry out measurement using optimum measuring periods 
respectively. For example, a signal whose changes are slow such as 
temperature signals needs to be measured using a slow measuring period 
(e.g., 1-s interval), and a signal whose changes are fast such as 
input /output signals to/from electric circuits must be measured using 
a fast measuring period (e.g., 10 -ms interval). 

Fig. 1 shows an example of displaying waveform data obtained by 
measurement using different measuring periods. In Fig. 1, waveform 100 
shows a waveform obtained by measurement using a fast measuring period 
(for example, 10 ms) and waveform 101 shows a waveform obtained by 
measurement using a slow measuring period (for example. Is). Fig. 1 
(a) is an example of a display suitable for a fast measuring period 
and Fig. 1 (b) is an example of a display suitable for a slow measuring 
period. 

Fig. 1 (a) displays waveform 100 by setting the abscissa so that 

waveform 100 can be conveniently observed. However, waveform 101 is 

shown rather flat due to this setting and thus its observation and 

measurement become difficult. On the other hand. Fig. 1 (b) displays 

waveform 101 by setting the abscissa so that waveform 101 can be 

conveniently observed. However, due to this setting, waveform 100 is 

displayed rather overlapping the time base and so its observation and 

measurement become difficult. That is, these waveform measuring 

systems in the prior art have a problem that, if signals whose varying 
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conditions are different with time respectively are to be observed and 
measured, it is hard to obtain a display that is optimum for all signal 
waveforms 100, 101, etc. 

SUMMARY OF THE INVENTION 

The object of the present invention is to realize waveform display 
equipment and to achieve a waveform displaying method, in which a 
plurality of waveforms can be easily observed and measured. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig, 1 is a drawing indicating examples of display in conventional 
equipment . 

Fig. 2 is a configuration drawing showing a first embodiment of the 
present invention. 

Fig. 3 is a drawing indicating a first example of display in the 
equipment shown in Fig. 2. 

Fig. 4 is a drawing indicating a second example of display in the 
equipment shown in Fig . 2 . 

Fig. 5 is a drawing indicating a third example of display in the 
equipment shown in Fig . 2 . 

Fig. 6 is a flow chart indicating the operations of split display means 
32. 

Fig. 7 is a configuration drawing showing a second embodiment of the 
present invention . 

Fig. 8 is a flow chart indicating the operations of cursor means 33. 

Fig. 9 is a drawing indicating examples of display in the equipment 
shown in Fig. 7. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the present invention are described below using the 
drawings . 

[ First Embodiment ] 

Fig. 2 is a configuration drawing showing a first embodiment of the 
present invention. In Fig. 2, measuring parts 10, 11, 12,... In (where 
n is a natural number) receive each signal to be measured as inputs 
and output these signals to be measured after converting them to waveform 
data that are digital signals. Memory 20 receives the waveform data 
from measuring parts 10 to In as inputs and stores them. Display 
processing part 30 includes discriminating means 31 and split display 
means 32 and reads the waveform data stored in memory 20, performs 
desired processing on these waveform data and displays them in display 
regions on the display screen (not shown) of displaying part 40. 

Further, discriminating means 31 discriminates each measuring period 
for the waveform data read by display processing part 30, that is, the 
waveform data to be displayed in displaying part 40 . Split display means 
32 splits the display region on the display screen of displaying part 
40 into a number of mutually-different measuring periods based on the 
results of discrimination in discriminating means 31 and displays a 
waveform or waveforms in each of split display regions for each measuring 
period respectively. 

In a paperless recorder, measuring parts 10 to In are installed in 
each place of measurement respectively and are separated from memory 
20, display processing part 30 and displaying part 40. Memory 20, 



display processing part 30 and displaying part 40 are, for example, 
represented by a computer. On the other hand, in the case of digital 
oscilloscopes, measuring parts 10 to In, memory 20, display processing 
part 30, and displaying part 40 are integrated into one body. 

In addition, for a paperless recorder, windows are opened in a part 
or the whole of the display screen of displaying part 40 and each of 
the windows becomes a display region. While in digital oscilloscopes, 
in many cases, the entire display screen of displaying part 40 composes 
the display regions . 

The operations of such equipment will now be described. 

Measuring parts 10 to In convert signals to be measured to electrical 
signals using converting means not shown in the drawing, convert these 
electrical signals into digital signals in preset measuring periods , 
and carry out measurement for a definite time . If a signal to be measured 
input to a measuring part is an electrical signal, the converting means 
is not necessary. Measuring parts 10 to In store data converted to 
digital signals, measuring periods and the instants when data 
acquisition is started in memory 20 as waveform data. 

A measuring period for measuring a signal to be measured is set so 
that the variation of the signal to be measured with time can be observed 
and measured most suitably. For example, if quantities of variation 
with time are predicted in advance, measuring periods are set to 
measuring parts 10 to In by a user. If prediction is difficult or 
variation is not definite, measuring parts 10 to In set the measuring 
periods so that most suitable measuring periods are automatically 
obtained. 

Display processing part 30 reads the waveform data to be displayed 
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out of the waveform data stored in memory 20. Further, discriminating 
means 31 discriminates each measuring period of read waveform data and 
determines the number of mutually-different measuring periods. Split 
display means 32 splits the display region of display 40 into a number 
of mutually-different measuring periods based on the results of 
discrimination, and displays a waveform or waveforms in the split 
display regions respectively. In this case, waveforms measured in 
different measuring periods are displayed in different display regions . 

For example , if waveform data measured by measuring part 10 in measuring 
period Atl, by measuring part 11 in measuring period At2, by measuring 
part 12 in measuring period At3, and by measuring part In in measuring 
period At4, are to be displayed, discriminating means 31 determines 
the number of mutually-different measuring periods as 4. Next, split 
display means 32 splits the display region of a display screen into 
4 and displays the waveform data for measuring periods Atl to At4 in 
each split display region separately. In this case, split display means 
32 splits the display region based on the shape of the display region 
and the results of discrimination into split display regions of the 
same size. 

An example of display is shown in Fig. 3. In this example, an 
approximately square display region is split into four display regions 
Al to A4 located at the upper left, upper right, lower left and lower 
right in this order. In Fig. 3, waveforms 201 are displayed based on 
the waveform data obtained by measurement in measuring period Atl, 
waveforms 202 based on the waveform data obtained by measurement in 
measuring period At2, waveform 203 is displayed based on the waveform 



data obtained by measurement in measuring period At3, and waveforms 
204 are displayed based on the waveform data obtained by measurement 
in measuring period At4, respectively. Further, waveforms 201 are 
displayed in split display region Al , waveforms 202 in split display 
region A2 , waveform 203 in split display region A3, and waveforms 204 
in split display region A4 . That is, these waveforms are displayed in 
different display regions Al to A4 for each measuring period Atl to 
At4. 

Fig. 4 and Fig. 5 are drawings in which different examples of display 
are shown. In Fig. 4 and Fig. 5, the same items as those in Fig. 3 are 
given the same signs and their description is omitted. In Fig. 4, the 
display region is split into 4 in the vertical direction. That is, in 
Fig. 4, waveforms 201 for measuring period Atl, waveforms 202 for 
measuring period At2, waveform 203 for measuring period At3, and 
waveforms 204 for measuring period At4 are displayed in display regions 
Al , A2 , A3 and A4 respectively in the direction from top to bottom. 
On the other hand, in Fig. 5, the display region is split into 4 in 
the horizontal direction. That is, in Fig. 5, waveforms 201 for 
measuring period Atl, waveforms 202 for measuring period At2, waveform 
203 for measuring period At3, and waveforms 204 for measuring period 
At4 are displayed in display regions Al , A2, A3 and A4 respectively 
in the direction from left to right. 

Subsequently, operations in which split display means 32 splits a 
display region into display regions Al to A4 depending on the shape 
of the display region will be described in detail using the flow chart 
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shown in Fig . 6 . 

A variable for column "tcol" and a variable for comparison "max" are 
initialized to "tcol" = 1 and "max" = 0 respectively at the same time 
as the number of mutually-different measuring periods is input from 
discriminating means 31 (S10). 

Then, calculation of the following equations (1) to (3) is implemented 
in turn ( Sll ) : 

"trow" = Ceil (Number of mutually-different 

measuring periods/ "tcol" ) (1) 
"tWidth" = (Width of display region) /"tcol" (2) 
"tHeight" = (Height of display region) / "trow" (3) 
where, for Ceil(x), the smallest integer should be selected out of 
integers of x or more, "trow" is a variable for row, and "tWidth" and 
"tHeight" are respectively a variable for region width after splitting 
and a variable for region height after splitting. 
Next , comparison is carried out using the following equation ( 4 ) ( S12 ) . 
min( tWidth, tHeight) ;> "max" (4) 
For min(x, y) in equation (4), select the smaller value of x or y. If 
the comparison in equation (4) is "Yes", perform equations (5) to (7) 
in turn (S13) : 

"row" = "trow" (5) 
"col" = "tcol" (6) 
"max" = min( tWidth, tHeight) (7) 

where "col" and "row" are respectively a variable for split column and 

a variable for split row. 
Subsequent to step (S13) or if the comparison in equation (4) in step 
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(S12) is "No", increment the variable for column "tcol" by one (S14). 
If the value of the variable for column "tcol" is equal to or less than 
the number of mutually-different measuring periods, determine again 
the values of the variable for split row "row" and the variable for 
split column "col" (S15, and Sll to S14) . If the value of the variable 
for column "tcol" is larger than the number of mutually-different 
measuring periods, split the height of the display region with the value 
of the variable for split row "row" and split the width of the display 
region with the value of the variable for split column "col" to split 
the display region into display regions Al to A4 (S15 and S16). 

For example, if each of waveforms 201 to 204 for four mutually-different 
measuring periods Atl to At 4 is to be displayed respectively in a display 
region of 600 dots (width) x 400 dots (height), the variable for split 
row "row" = 2 and the variable for split column "col" = 3 are obtained 
and the sizes of the four display regions Al to A4 become 200 dots (width) 
x 200 dots (height). As a result, the display region is split into 2 
vertically and split into 3 horizontally. Display regions Al to A3 are 
allocated to the upper row and display region A4 is allocated to any 
one of three regions split into 3 horizontally in the lower row. 

As described above, split display means 32 splits a display region 

into a number of mutually- dif f erent measuring periods Atl to At 4 for 

waveform data determined by discriminating means 31. Since waveforms 

201 for measuring period Atl are displayed in split display region Al , 

waveforms 202 for measuring period At2 in split display region A2 , 

waveform 203 for measuring period At3 in split display region A3, and 

waveforms 204 for measuring period At4 in split display region A4 , 
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waveforms 201 to 204 for a plurality of measuring periods Atl to At4 
can be displayed on each time base optimum to each of waveforms 201 
to 204 respectively. This enables a plurality of waveforms 201 to 204 
to be easily observed and measured. 

In addition, since split display means 32 splits a display region into 
display regions Al to A4 of the same size depending on the shape of 
the display region and the number of mutually-different measuring 
periods Atl to At4, waveforms 201 to 204 are not displayed in an 
overlapping manner and so waveforms 201 to 204 can be easily compared. 
This facilitates observation and measurement of a plurality of waveforms 
201 to 204. 
[ Second Embodiment ] 

Fig. 7 is a configuration drawing showing a second embodiment of the 
present invention. In Fig. 7, the same items as those in Fig. 2 are 
given the same signs and their description is omitted. In Fig. 7, cursor 
means 33 is newly provided in display processing part 30. Cursor means 
33 displays a cursor in each of split display regions split by split 
display means 32 and displays these cursors in the positions in each 
of the display regions corresponding to the same instant or positions 
in each of the display regions corresponding to the vicinities of that 
instant . 

Operations of cursor means 33 will now be described using the flow 
chart shown in Fig. 8. When a display position of the cursor is set 
in one of a plurality of display regions by an operation from a controller 
( for example, an input /pointing device such like mouse /keyboard) not 
shown in the drawing, cursor means 33 determines the instant Tl in a 
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display position where the cursor is set from waveform data ( S20 ) . Then , 
in each of the other display regions, data acquired at the same time 
as Tl determined using measuring periods for waveform data and data 
acquisition starting time, are searched. However, if there are no data 
acquired at the same time as the instant Tl , data at the time nearest 
to the instant Tl or data acquired just before or after the instant 
Tl are searched (S21) . Cursors are displayed by re-drawing them in the 
positions in each of the display regions corresponding to the searched 
data or in the positions in each of the display regions corresponding 
to the instant Tl by performing linear approximation or curvilinear 
approximation from the data acquired just before and after the instant 
Tl (S22) . If cursor-displaying is completed in all the display regions , 
processing is finished (S23), and if there is any display region where 
cursor displaying is not finished, cursor means 33 displays the cursor 
in that region (S23, S21, and S22). 

Fig. 9 is a drawing showing examples of display in which cursors CI 
and C2 are displayed by cursor means 33. In Fig. 9, the display region 
is split into display regions A5 and A6 . Waveforms 301 are displayed 
based on waveform data obtained by measurement in measuring period Atl 
and waveforms 302, based on waveform data obtained by measurement in 
measuring period At 2, respectively. Also, waveforms 301 are displayed 
in display region A5 and waveforms 302 are displayed in display region 
A6 . The abscissa represents the time. In these regions, measuring 
period Atl is set to 10 ms and measuring period At2 is set. to Is. In 
display region A5 , cursor CI is set to the position corresponding to 
data acquired at the instant Tl of 10 o'clock 00 minute 00.010 second. 



while in display region A6 , cursor C2 is displayed in the position 
corresponding to data acquired at the instant of 10 o'clock 00 minute 
00 second nearest to the instant Tl. 

In addition, since operations other than those by which cursor means 
33 displays cursors d and C2 making them associated with each other 
in split display regions A5 and A6 are similar to those in the equipment 
shown in Fig. 2, description of those operations is omitted. 

As described above, since cursor means 33, when cursor CI is moved 
in display region A5 , which is one of the split display regions A5 and 
A6, displays cursor C2 associated with cursor CI in the position 
corresponding to the same time or in a position corresponding to the 
vicinity of that instant also in the other display region A6 , time 
correspondence even among different data for measuring periods Atl and 
At 2 can be maintained. This facilitates observation and measurement 
for a plurality of waveforms . 

The present invention is not restricted to the embodiments described 
above but may be embodied in such form as described below. 

In the equipment shown in Fig. 2 and Fig. 7, a configuration is shown 
in which measuring parts 10 to In store data converted to digital signals , 
measuring periods, and instants when data acquisition is started as 
waveform data in memory 20, and discriminating means 31 discriminates 
the measuring periods for each waveform data using measuring periods. 
However, measuring parts 10 to In may also add the instants to every 
digital data item without storing measuring periods in memory 20 and 
then store these instants in memory 20. In this case, discriminating 
means 31 determines each measuring period using the instants when each 



data item is acquired. 

Further, in Fig. 3, although an example is shown in which each of 
waveforms 201 to 204 for measuring periods Atl to At4 is displayed in 
turn in the upper-left display region Al, the upper-right display region 
A2 , the lower-left display region A3 and the lower-right display region 
A4 respectively, they can be displayed in a desired sequence. Of course, 
also in Fig. 4 and Fig. 5 , waveforms can be displayed in a desired sequence 
similarly. Also, although an example using four mutually- dif f erent 
measuring periods is given in Fig. 3, any number of mutually-different 
measuring periods can be used and a display region can be split depending 
on this number of mutually-different measuring periods. 

In addition, in Fig. 3 through Fig. 5 and in Fig. 9, although a 
configuration is shown in which the sizes of display regions Al to A4 
or A5 and A6 split by split display means 32 are made equal, the sizes 
of display regions Al to A4 or A5 and A6 after splitting may be different 
respectively . 

In Fig. 9, although a configuration is shown in which the abscissa 
represents time, relative time referenced with, for example, one of 
the triggered points can also be used for display. 
According to the present invention, there are the following effects: 
The split display means splits a display region by the number of 
mutually-different measuring periods for waveform data determined by 
the discriminating means. Since the split display means does not 
display waveforms determined for different measuring periods in the 
same split display region but displays each of the waveforms in each 
split display region respectively, those waveforms can be displayed 
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on each time base optimum for each of waveforms for a plurality of 
measuring periods . This facilitates observation and measurement of a 
plurality of waveforms. 

Further, since the split display means splits a display region 
depending on the shape of the display region and the number of 
mutually-different measuring periods, waveforms can be easily compared 
without waveforms being displayed in an overlapping manner. This also 
facilitates observation and measurement of a plurality of waveforms . 

Further, since, when a cursor is moved in one display region, which 
is one of the split display regions , the cursor means displays other 
cursors associated with the previously mentioned cursor in the positions 
in each of the display regions corresponding to the same time or 
positions in each of the display regions corresponding to the vicinities 
of that instant also in the other split display regions, time 
correspondence even among data for different measuring periods can be 
maintained. This enables a plurality of waveforms to be observed and 
measured easily. 

Furthermore, since waveforms are displayed in split display regions 
by discriminating measuring periods for each displayed waveform data 
and by splitting a display region into the display regions depending 
on the number of mutually-different measuring periods, each waveform 
for a plurality of measuring periods can be displayed on each time base 
optimum for each of such waveforms. This also enables a plurality of 
waveforms to be observed and measured easily. 

In addition, since cursors are displayed in each of split display 

regions and also displayed in the positions in each of the display 

regions corresponding to the same time or positions in each of the 
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display regions corresponding to the vicinities of that time, time 
correspondence even among data for different measuring periods can be 
maintained. This facilitates observation and measurement of a 
plurality of waveforms. 
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